A considerable body of literature concerning infections caused by methicillin-resistant (MR) Staphylococcus aureus has appeared in recent years (7) . A number of reports have addressed the problem of nosocomial MR S. aureus infections and mechanisms for cross infection with these organisms have been proposed (12) . Although it is likely that hospital personnel, primarily by means of hand carriage of MR S. aureus, represent the main vehicle for spread of the organism from patient to patient, the role of the inanimate environment surrounding the colonized or infected patient has not been carefully studied and may be more important in disease transmission than is currently recognized. Certain investigators (9, 11) rarely found MR S. aureus in environmental sites during non-burn unit outbreaks of MR S. aureus infections, whereas others (2, 4, 6, 12) In view of the contrasting results reported in existing environmental studies and the fact that levels of environmental contamination with MR S. aureus have not been quantitated, we undertook the present study during an outbreak of MR S. aureus infections in our burn unit. Results of volumetric air sampling and Rodac plate cultures showed that MR S. aureus was ubiquitous throughout the unit. Environmental MR S. aureus counts were highest in the rooms of patients with MR S. aureus burn wound infections.
MATERIAULS AND METHODS
The study was conducted during a 10-week period in the burn unit at the North Carolina Memorial Hospital, which is the 640-bed teaching hospital for the University of North Carolina School of Medicine. Infection surveillance in the burn unit was curves for ease of comparison although they actually represent discrete sampling points and each point is a mean of several samples. For example, a particular point referring to the floor surface contamination with MR S. aureus on a single sample date in a patient room represents the mean number of MR S. aureus on the 12 Rodac plates.
Microbiology. All environmental cultures were processed in the hospital epidemiology laboratory. On each sampling period throughout the study, selected colonies with typical morphology and gold pigmentation on the sheep blood agar and Dey-Engley neutralizing agar plates were Gram stained and subjected to tube coagulase testing as well as to susceptibility testing by the Kirby-Bauer disk diffusion method (1) . A total of 649 of 666 colonies (97.5%) thought to be S. aureus on the basis of colonial morphology and pigmentation were shown to be S. aureus when Gram stained and coagulase tested. Of the 649 staphylococcal colonies, 618 (95.2%) proved to be MR S. aureus on susceptibility testing. Since visual inspection of the plates and assessing colony morphology and pigmentation allowed for the correct identification of MR S. aureus colonies 93% of the time, this method was used to identify the remaining 50,574 colonies, which were not subjected to the previously described tests.
Phage typing of all clinical isolates and of 155 randomly selected environmental isolates was performed at the Centers for Disease Control, Atlanta, Ga.
Statistical analyses were carried out by using the Wilcoxon signed rank test.
RESULTS
Occupied patient rooms. Rooms occupied by patients A, B, C, and D, who received care in the bum unit during the study, underwent environmental sampling.
Patient A, a 27-year-old male with 60% second-degree bums, was neither colonized nor infected with MR S. aureus when the study began but developed bum site colonization by the second sampling period and remained colonized/infected with MR S. aureus for the duration of the study (Fig. 2) . He had a non-staphylococcal lower respiratory tract infection when first evaluated, and this process waxed and waned throughout the 10-week period. MR S. aureus was recovered from sputum from the 5th through the 11th sampling periods and from blood from the 15th through the 19th periods. Peak environmental contamination in the room of patient A occurred between the 5th and 11th sampling periods and included air, elevated surface, and floor contamination levels of 6.9 MR Uf) z .0. was generally lower than that found in patient rooms. Peak air, elevated surface, and floor surface contamination levels with MR S. aureus were 0.7 MR S. aureus per ft3, 2.7 MR S. aureus per Rodac plate, and 84 MR S. aureus per Rodac plate, respectively. These levels correlated with the peak contamination times in the room of patient A, which was under positive air pressure, and to some extent with the contamination in the room of patient D. Overall surface contamination in the hydrotherapy room was substantially greater than the surface contamination found in other contiguous area sites. For the entire study period, the mean elevated surface and floor contamination with MR S. aureus in the hydrotherapy room was 21 and 69 MR S. aureus per Rodac plate, respectively. This is in contrast to the overall mean elevated surface and floor counts in the central area, clean utility room, and soiled utility rooms of 0.9 and 20, 1.0 and 13, and 0.7 and 9 MR S. aureus per Rodac plate, respectively.
Phage types. The phage types of 155 randomly selected environmental MR S. aureus isolates included nonreactive, 75, D11/1136, and 80/83A/95/D11/1136. The predominant MR S. aureus phage type found in the rooms of patients A and D as well as in the contiguous areas in the unit was type 75. This phage type as well as nontypable MR S. aureus were recovered from the blood or wound cultures from patients A and D. MR S. aureus isolates from patients B and C were phage type D11/1136, and this phage type was recovered from the rooms of these patients.
DISCUSSION
During the past five years, a number of outbreaks of MR S. aureus infections have been reported in U.S. hospitals. Several of these outbreaks have occurred in burn units, and detailed epidemiological studies have focused on personnel, patients, and the inanimate environment in an attempt to elucidate mechanisms for disease transmission (2, 4, 6) . Although the acquisition of MR S. aureus in the nares of hospital personnel caring for colonized or infected patients appears to occur infrequently (12) , nasal carriage of the organism by personnel has been implicated in certain MR S. aureus infection outbreaks (9, 13) . It seems more likely, however, that personnel transmit the organism from patient to patient by means of the transient carriage of MR S. aureus on their hands (4, 11, 12) . The patient colonized or infected with MR S. aureus represents perhaps the most important reservoir for the organism, which may subsequently be dispersed to other patients via the hands of hospital personnel or through the inanimate environment. In contrast to the findings of Mortimer et al. (10) who demonstrated the airborne and hand transmission of S. aureus in a nursery setting, more recent studies of the inanimate environment with regard to its role in the epidemiology of nosocomial MR S. aureus infections have been limited in their scope. Previous investigators have not attempted to quantify the environmental MR S. aureus content surrounding colonized or infected patients, nor has a detailed, systematic survey of a unit experiencing an outbreak of MR S. aureus infections been carried out over an extended period of time. Published reports of MR S. aureus environmental contamination in burn units provide contrasting results, which in part may be due to certain limitations in study design. For example, Everett and co-workers (6) and Boyce et al. (2) , infrequently found environmental contamination with MR S. aureus in their burn unit settings, whereas Crossley and associates (4) and Thompson and co-workers (12) recovered MR S. aureus from a variety of environmental sites in other burn units.
Although the latter two studies showed that MR S. aureus could regularly be recovered from the burn unit environment, the lack of any quantitation of the level of contamination and the undocumented consistency of recovery of the organism over a period of time made it difficult to estimate the role played by the inanimate environment in the transmission of MR S. aureus to personnel or patients. We undertook the present study to more precisely define the levels of MR S. aureus environmental contamination over a period of time in our burn unit when the MR S. aureus colonization/infection rate was 66.7%. Environmental samples recovered from four occupied, single-patient rooms revealed MR S. aureus on every sampling period. Significant differences in quantitative MR S.
aureus counts in air and on elevated surfaces and floor surfaces were found in the rooms of burn wound colonized or infected patients when compared to cleaned, unoccupied patient rooms. Elevated surface contamination with MR S. aureus in colonized patient rooms was significantly greater than in noncolonized, noninfected patient rooms (Table 1 ). The highest counts were noted in the rooms of infected patients where the overall mean air contamination was nearly 2 MR S. aureus per ft3 and the mean elevated surface count was 20 MR S. aureus per Rodac plate. The highest level of environmental contamination was found in the room of patient A (Fig. 2) , who had the largest percent body burn (60%) of the four patients. This is consistent with the findings of Hambraeus (8), who correlated the S. aureus dispersal from burned patients with the size of the burn wound.
Figures 2 and 3 also demonstrate that the levels of MR S. aureus environmental contamination can vary over a period of time and that samplings carried out at isolated points (for example, sampling periods 13 and 14) would have suggested that environmental contamination with MR S. aureus was minimal and perhaps not important to the overall epidemiology of these infections in the unit. Although variations of MR S. aureus environmental contamination in patient rooms appeared to be associated with the status of MR S. aureus colonization/infection in the patient, it was not possible to completely exclude effects of patient movement, nursing care activities, and housekeeping activities. However, we specifically noted these activities during each sampling time and were unable to clearly correlate them with periods of highlevel MR S. aureus environmental contamination. It is also unlikely that our findings are due to a carrier among the burn unit personnel since the same personnel worked during the various sampling periods, and anterior nares cultures taken from 29 burn unit workers after the completion of this study showed that none were nasal carriers of MR S. aureus.
Environmental contamination with MR S. aureus in cleaned, unoccupied patient rooms and the contiguous non-patient room areas in the unit was, overall, substantially less than that noted in occupied patient rooms. The terminal cleaning and disinfection practices in the unoccupied patient rooms were very effective in reducing but not eliminating MR S. aureus environmental contamination. The hydrotherapy room accounted for a significant proportion of the contiguous work area surface contamination with MR S. aureus. In fact, the elevated surfaces in the central work area and in the clean and soiled utility rooms showed extremely lowlevel MR S. aureus contamination with mean counts of 0.9, 1.0, and 0.7 MR S. aureus per Rodac plate, respectively, compared to the mean of 21 MR S. aureus per Rodac plate in the hydrotherapy room. The higher level of MR S. aureus surface contamination in the hydrotherapy room likely reflects contamination from colonized or infected patients treated in this room. Although MR S. aureus floor surface contamination in the central area may have largely been due to the tracking of organisms out of patient rooms and the hydrotherapy room on the soles of shoes, it appears that infection control measures (strict hand washing and use of gloves) were effective in limiting the elevated surface contamination in the central area and utility rooms. Although certain patients with MR S. aureus burn wound colonization and infection received care in positive air pressure patient rooms, MR S. aureus air contamination in the central area was generally less than 0.5 MR S. aureus per ft3 of air (mean air counts were 0.2 MR S. aureus per ft3). This may have been due to the practice of limiting patient access to this area, maintaining patient room doors closed as much as possible, and to the level of dilution ventilation in the rooms.
Finally, after tabulating all colonies on the more than 2,700 cultures of air and various surfaces, MR S. aureus was found to account for 16, 31, and 40% of all bacterial growth from air, elevated surface, and floor surface cultures, respectively. Interestingly, 51% of the total 2,551 MR S. aureus collected by the air sampler were of a size (<6p.m), which would have allowed for their deposition into the respiratory tract.
Although we were unable to demonstrate a clear relationship between environmental contamination and clinical infections, we did show that MR S. aureus can be ubiquitous in the inanimate environment of a burn unit caring for patients with MR S. aureus colonization or infection. Environmental contamination may reach considerable levels, and this could result in contamination or colonization of patient equipment, personnel, or other patients in the vicinity. Patient rooms containing individuals who are colonized or infected with MR S. aureus should preferably be at an even or negative air pressure with respect to the adjacent area. Hands of personnel could easily become colonized, even without direct patient contact, and the need for frequent hand washing is underscored.
